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Agenda

Å Requests for Action

Å System Architecture

Å Mechanical Design Elements

Å Electrical Design Elements

Å Software Design Elements

Å Performance Analysis

Å Integration Plan

Å Preliminary Test Plan

Å Project Management Plan
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Requests for Action

Å Request: Examine the Variation of Location of CG for 
varying payloads
ÅRequested by: Dr. Jean Koster

Å Resolution
Å Increased static margin and reduced payload CG travel

ÅFurther discussion in Aerodynamic Design Elements

Å Request: Prototype Critical Project Element
ÅRequested by: Dr. Scott Palo

Å Resolution
ÅSee system architecture
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SYSTEM ARCHITECTURE
Spencer Riggs

4



Overview of Objectives

Å Design, build and fly competition aircraft

Å Carry high-volume payloads

Å Departmental vertical integration
Teach design process to underclassmen

Graduate advisers

Å Objectives Changed from PDR
Minimize System Weight
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Overview of Requirements

Å Payload Weight
Carry payload weighing 
approximately 7 lbs

5 Payload configurations1

Å Endurance
Must fly at least one lap of 
prescribed course1

ÅAircraft Size
ïAircraft footprint must be 
ǎƳŀƭƭŜǊ ǘƘŀƴ пΩ Ȅ рΩ1

Å Instrumentation
ïAircraft must record airspeed 

and altitude to verify basic 
performance  & safety 
requirements 

ÅCOTS Electrical Propulsion
ïMust utilize COTS propulsion 

system for safety1

500 Feet 500 Feet

Starting Line

360 Degree
Turn

1Competition Requirements from Competition Rules (Reference 1)

No changed requirements from PDR

6System Architecture



System Changes from
Preliminary Design
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Subsystem Changes 
from Preliminary Design

Å Aerodynamics
Wing Configuration
Added Vertical Tail
Maximum Weight: ~13 lbs
Maximum Cruise Speed: 65 ft/s

Å Propulsion
Motors attached to front wings
Current Draw <30 Amps/motor

Å Structures
Foam Core/Skin Wings
Shell fuselage Construction

Å Fuselage/Missions
Airbag inflation system chosen
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Requirements Flowdown
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System & Subsystem 
Description
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Propulsion
31%

Missions
7%

Fuselage
32%

Avionics
11%

Wings and 
Empennage

19%

Subsystem Mass Breakdown
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Aircraft Model
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Electrical Propulsion 
Block Diagram

ESC

FUSE
40 AMP

FLIGHT 

BATTERY 

PACK

MOTOR

ESC

FUSE
40 AMP

MOTOR

PROP PROP

TO RECEIVER TO RECEIVER

Single flight battery pack

Two fuses (one per motor)
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Control System 
Block Diagram

Servo

Servo
Servo

Servo

Servo

Servo

Battery

Receiver

To motor ESC

Elevator

Aileron Propulsion

Rudder /NLG
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Aerodynamic 
Prototyping Results

Å Goal
Å Determine flying characteristics of 

joined-wing design

Å Results
Å Scored 3 on Cooper-Harper Pilot 

Rating Scale

Å Asymmetric Thrust

Å Elevator Size
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MissionPrototyping
Results

Å Goals
ÅTest Feasibility of bike tube 

inflation system

Å Results
ÅSecured payloads weighing 

over twice actual

ÅCO2 Cartridges feasible

Å 24 Hr Leak Test
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MECHANICAL DESIGN

ELEMENTS
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MISSION DESIGN 

ELEMENTS
Joshua Fromm
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Mission Payload 
Overview

Passenger Cargo Cargo Pallet
Å Simulated with 0.5 L bottle

Å Weight: 0.5 lbs

Å Height: 7.6 ςуΦоέ

Å Diameter: 2.4-нΦсέ

Å пέ 5ƛŀƳŜǘŜǊ ά/ƻƭƭŀǊέ
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Å Simulated with Half-brick

Å Weight: 1.8 lbs

Å {ƛȊŜΥ п Ȅ п Ȅ нΦстέ ¢ŀƭƭ

Payload provided by competition rules (Reference 1)



Mission Payload
Overview
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Mission Configuration CG Location 
(from front)

4 Cargo Pallets 14.00ò

3 Cargo, 3 
Passengers

13.57ò
0.16ò off center

14 Passengers 14.00ò

2 Cargo, 7 
Passengers

14.14ò
0.16ò off center

1 Cargo, 10 
Passengers

14.00ò

Mechanical Design Elements



Mission Payload 
Restraint

Cargo Pallet Mounting

Å Design-to Specifications
ÅSingle action to secure

ÅHold brick weight @ 2G

Å Hook Fastener
ÅNylon 6/6

ÅPush- in

ÅRequires replacement after 
excessive use with rough 
bricks
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Mission Payload 
Restraint

Passenger Mounting

Å Design-to Specifications

Å Single action to secure

Å Hold bottle weight @ 2G 
(Experimentation)

Å CO2 Inflation System

ÅнΦнрέ .ǳǘȅƭ LƴƴŜǊ ¢ǳōŜ όtǊŜǎǘŀ 
valve)

Å 8 gram CO2 Canister

Å Quick Release Valve

21Mechanical Design ElementsIdeal Gas Law from Cengel (Reference 15)



AERODYNAMIC DESIGN 

ELEMENTS
Scott Lowery

Spencer Riggs
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Aerodynamics 
Overview

AIRCRAFTDIMENSIONS AIRCRAFTDRAG

Å C.G. Shift
Payload C.G. Change

Å Footprint1
Fuselage

15%

Landing 
Gear
34%

Wing/Tail
51%

Fuselage

Landing Gear

Wing/Tail

5 ft

4 ft

23Mechanical Design ElementsFootprint from Competition Rules (Reference 1)



Span Optimization 
& Dihedral

Span (ft)

Chord of 

Forward Wing 

(ft)

Chord of Aft 

Wing (ft) L/D

Induced Drag 

(lb)

Power @ 

Cruise = D*V 

(W)

5 0.667 1.25 16.68 0.92 86.93

4.5 0.5411 1.4139 12.60 1.19 113.00

4 0.6227 1.6274 9.33 1.61 152.57

Aft Wing 
Dihedral

Dutch Roll 

Root

0 deg 0.11

2.5 deg 0.23

5 deg 0.35

Analysis done using AVL (Reference 5)

Power Formula from Anderson (Reference 3)

ÅExamined effect of span on drag and required power during cruise

ÅWing analysis only: does not include fuselage drag

ÅExamined effect of dihedral on stability

ÅIncreasing dihedral increases 

instability in Dutch Roll mode
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Planform Area 
Distribution

Total Wing Area = 9.58 ft2

Ideal Neutral Point = 1.41 ft 

Percent of Area to 
Forward Wing

Chord of Forward 
Wing (in)

Chord of Aft Wing(in) Neutral point (ft)

50 11.50 11.50 1.20

45 10.35 12.65 1.27

40 9.20 13.80 1.34

35 8.05 14.95 1.43

ÅExamined effect of planform area on neutral point

ÅSmaller forward wing percentages increase canard-like behavior

25Mechanical Design ElementsAnalysis done using AVL (Reference 5)



Wing
Incidence

Å Airfoil Selection

ÅEppler E216

Å Incidence

ÅCruise CL = 0.52

ÅIncidence Angle: -1.3°

ÅIdeal Incidence:         

-1.2648°

ÅNot manufacturable

Airfoil from UIUC Database (Reference 6)
Analysis done by Matt Osborn (Reference 7) 26Mechanical Design Elements


